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&N ABSTRACT

The fuid flow meter of the preseat inveation includes a ramp
inclined to the surface of a vesscl so as to form a recess in
the surface. A dynamic port surface extends from the lower
cnd of the ramp to the surface of the vesscl. A dynamic port
is formed in the surface of the vessel, and a static port is
formed in the ramp. The differential pressure between the
dynamic and slatic porls is measured and is related 1o the
flow velocity of fluid over the surface. The inventive flow
meter has advantages of reduced drag, reduced likelihood ot
fouling and reduced likelihood of impact damage compared
o conventional flow meters.

25 Claims, 5 Drawing Sheets
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DIFFERENTIAL PRESSURE FLOW SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to devices for
measuring the speed of fluid flow using pressure differential,
and more specifically to devices for measuring the speed of
watercraft.

2. Description of the Related Art

A commonly used device for the measurement of the air
speed of airplanes or water speed of vessels is the Pitot tube.
Typically, a Pitot tube is oricnicd facing the direction of
travel through the fluid (water or air), and is positioned at a
distance from the surface of the vessel, so that the Pitot lube
is outside the boundary layer of the flow and therefore
¢xperences the full flow. The pressure in the Pitot tube
increases as the speed of the fluid passing by the opening of
the tube increases, The pressure of the Fitot tube is measured
or compared differentially to the pressure in a static tube
ariented perpendicularly to the direction of fluid flow 1o
determine the speed.

A related device used in the measurement of fluid flow is
the Stapton tube. The Stanton wbce 15 typically mounted on
(ke surface over which the Quid is owing, and therefore is
in the boundary layer. The pressurc in the Stanton tube is less
than would be observed for a Pilot tube ouiside the boundary
layer, and the Stanton tube must therefore be calibrated for
the particular surface where it is mounted. Stanton tubes are

generally not used as speedometers for aircrafi or water :

vessels.

While the use of Pitor tubes as speedometers or flow
meters is common, Pilot tubes have scveral drawbacks,
especially when used in marine applications. Because they

are generally mounied sticking away from the surface of a

vessel, Pitot tubes are subject to damage from bumping,.
Collision with or snagging of flotsam or submerged debris,
for example, driftwoeod, maripe animals, or seaweed, can
disable a Pitot wbe. Airplane Pitot tubes can be damaged
while on the ground, or by bird strikes, cic., in the air.

Similarly, Pitot tubes are subject to fouling by particles
entering the tube. Bugs, marine life, sediment, etc., may all
potentially soter the Pitot tube leading to inaccurate readings
or complete failure of the device.

In addition, Pitot tubes inheremily impose drag on the
vessel 10 which they arc attached. While this drag is not
usually a problem for ordinary airplanes or boats, it may
well pose a problem is in high performance applications.

The following examples of the conventional art illustrate
various speed measuring devices based on sensing fluid
pressure. US. Pat. N, 3,978,725, to Hadtke, entitled Speed-
ometer Particularly For Waler Skis, describes a water ski
wilh a Pitot-tube like device disposed on the underside of the
ski. A flexible diaphragm transmits the pressure from a ube
opening to a fluid inside the ski, and thereby to a speedom-
¢ler on the ski. The Pilol-tube like device has the tube
opening on a portion of a rib on the underside of the ski.

U.S. Pai. No. 4,448,069, to Gibert, entitled Airspeed
Sensing Post For Determining Relative Velocity Of A Fluid
And A Carrier, discloses an airspeed sensing post with a
slatic pressure sensing device of a particular shape, such that
the measurement of static pressure is nol affected by pitch
angle. This device uses a standard Pitol tube, and does not
solve the preblems of Pitot wbes addressed above,

U.S. Pat. No. 4,920,808, to Sommer, entitled Device And
Method For Measuring The Flow Velocity Of A Free Flow

-
L

20

45

5t

w
L

6i)

a5

2

In Three Dimensicns, describes a rotationally symmetrical
flow body with at least two sets of peripherally spaced
openings in regicns of different thickness along 1be side of
the body. The velocity of flow along the bady is determined
by differences in the static pressure measured in the open-
ings. This device takes the form of a symmetrical flow body
probe which presumably is mounted on a vehicle such as an
aircraft or rocket in a position to experience the full flaw,
that is, away from the body of the vehicle. Thus, this device
does not solve many of the problems with Pitot tubes
described above.

U.S. Pai. No. 5,412,984, to Okita, entitled Vessel Speed
Measuring System For The Marine Propulsion Machine,
describes a vessel speedometer for a marine propulsion
system such as an outboard motor. The design incorporates
a Pitot tube pressure intake pott in the lower leading edge of
the outbeard motor. Various designs to prevent fouling of the
intake port, including ridpes and projections around the
intake porl, are illustrated. This apparatus is specilically
designed for use on a propulsion apparatus, however, and the
apparatus requires that the intake port directly face the flow
of the water,

U.8. Pat. No. 5,515,735, to Sarihan, entitled Microma-
chined Flow Sensor Device Using A Pressure Diflerence
And Method of Manufacluring The Same, describes a
micromachined flow sensor using a pressure differential.
This device is related to Venturi-type devices, and such a
device must be placed dircetly in the fluid flow.

U.S. Pal. No. 5,583,289, to Wiggerman et al., entitled
Marine Velocity Detection Device With Channel Te Wash
Oul Debris, describes a marine speedomeler in which the
pressure sensing orifice is protected by the curvature of a top
portion of a tunnel through which the waler flows. The
overall apparatus must be placed in the direct fluid flow, and
is mounted to a transom of the watcreraft. This delcction
device is therefore a relatively bulky appendage to the
watercraft.

Based on my reading of the art, [ believe that what is
needed is a flow meler or speedometer which may be
mounted flush on the surface of a vessel s0 as not to protrude
from the vessel as the standard Pilot tube does. Although
non-protruding flow meiers which directly face the direction
of Aow are available, as in U.S. Pat. No. 5,583,289, i1 is often
impractical or undesirable 10 mount a flow detector on the
nuse of a4 vessel, that is, on the surface normal to the flow.
Thus, I believe that what is needed is a flow meter which
moregver may be mounted on a side surface over which the
fluid is fowing roughly parallel 1o the surface.

SUMMARY OF THE INVENTION

[t is therefore an object of the present invention to provide
an improved fluid flow meter.

[1 is a further object of the invention 10 provide an
improved flow spcedometer on a vessel.

[t is a s1ill further abject of the invention Lo provide a Now
meter which has reduced drag.

It is a yet further object of the inveation to provide a flow
meter which is more resislant to impact damage.

It is anotber cbject of the invention to provide a Oow
meter which is more resistant to fouling.

It is yel another ohject of the invention to provide a flow
meter which can be mounied flush on the side of a vesscl.

To achieve the above ohjects, the present invention pro-
vides a differential pressure flow meter for a vesscl which
includes a longiludinal recess angled (o the surface of the



US 6,308,581 Bl

3

vessel s0 as to form a ramp, and a dynamic port surface
angled exiending from the floor of the ramp to 1he surface.
Adynamic port is formed in (he dypamic port surface and is
connected through a dynamic port chaanel to a pressure
transponder. Optionally, a static port may be provided in the
ramp of from 1he surface of the vessel, and the static port
may be connected through a static port chanoel to the
pressure iransponder which is used to determine the differ-
ential pressure between the dynamic and static ports. The
pressure in the dynamic port channel or differential pressure
between the dynamic and static port channels is related to
the flow rate of Ouid across the surface of (he vessel.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the inveation, and may
of the attendant advantages, thereof, will be readily apparent
as the same becomes better understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings in which like rfer-
ence symbols indicate the same or similar components,
wherein:

FIG. 1 is a top plan view of an embodiment of the How
meter of the present invention;

FIG. 2 is a transverse cross-sectional view taker through
I in FIG. 1;

FIG. 3a) is a longitudinal cross-sectional view taken
through [II-—I in FIG. 1, and FIGS. 3(5) through (f) are
corresponding cross-sectional views of alternative embodi-
ments of the invention;

FIGS. #«) and {(b) are top plan views of alternative
cmhbodiments of the invention,

FIGS. S(a) and (b) are cross-sectional and perspective
views of a device incorporating the principles of the present
invenlion;

FIG. 6 is an altemnative embodiment of the present inven-
tion; and

FIG. 7 15 a plot of differential pressure versus flow
velocity for an Example of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, an embodiment illustrat-
ing the general principles of the present invention is shown
in FIGS. 1 and 2, where FIG. 1 1s a 10p plan view and FIG.
2 is a longimdinal cross-sectional view. As shown in FIG. 1,
the inventive device is installed in 4 repion 10 of the surface
20 of a vesscl. The vessel can be any object moving through

a fluid, or around which a fluid is moving, such as a boat, s

airplane, land vehicle, torpeda, water flow meter, buoy, cte.
The approximate direction of fluid flow across surface 20 of
the vessel is indicated by arrow 300. The device is formed
in a recess in surface 20. This recess begins at [eading edge
30, and is defined in this embodiment by walls 80, rarmp 40,
and dynamic port sucface 50. Thus the ramp extends from
the surface and is inclined to the surface to form the recess.
Dyynamic port surface $0 therefore extends from the lower
end of the ramp to the surface.

Formed in ramp 48 is static port 70 connected 1o slatic
pert channe] 75. Formed in dynamic port surface 50 is
dynamic port 60, which is connected to dynamic port
channel 65. Dynamic port 60 is therefore recessed relative 10
surface 20 of the vessel. Dynamic port 60 is preferably
cylindrical, with the cylindrical axis oriented roughly par-
allel 1o ramp 40, Dynamic port 6@ is connected 1o dynamic
porl channel 65 which is in lum Lypically connected Lo a
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mechanical or electronic pressure transducer (not shown).
‘The pressure in the dynamic port channel, analogously to the
pressure in a Pitol tube, is retated to the speed of fluid flow
aver the vessel. For situations in which the static pressure is
nol censtant, such as vessels whose altitude or depth is
varying (for example airplanes or submarines), the pressure
differential berween the dynamic port channel and the static
port channel is measured and this value is retated to the
speed of the vessel.

The embediment of the invention shown in FIGS. 1 and
2 has vertical walls 80, as shown in irznsverse cross-section
in FIG. 3(a). However, many possible shapes of the recess
will function, and several alternative cmbodimcents are
shown in FIGS. 3(¥} tbrough (f). The ramp may be a single
curved floor surface, or the ramp may have two side walls.
In the embodiment of FIG. 3(b), ramp 40 is flat, but walls 90
are curved and concave toward the exterior. [n the embodi-
ment shown in FIG. 3(c), ramp 40 is flat, and walls 100 are
angled from the vertical so as 1o slope into the recess. In the
embodiment shown in FIG. 3{d), the ramped portion of the
recess is formed of a portion of a cylinder, and fioar 110 is
a circular section. In the embodiment shown in FIG. 3e), the
recess is formed with vertical wall 80 and curved floor 10.
In the embodiment shown in FIG. 3(f), the recess is formed
by two angled walls 120,

Likewis¢, the cmbodiment of the invention shown in
FIGS. 1 and 2 has walls 80 which are parallel. An alternative
embodiments is shown in FIG. 4(a) in which walls BO
diverge from leading edge 30 to dynamic port surface 50,
ard in another embodiment shown in FIG. d(b) walls 80
converge from leading edge 30 to dynamic port surface 50.
Also, since the bottom of the ramp descends from lhe
vehicle surface, for some wall shapes, for example cylin-
drical walls, the pattern of intersection of the walls with
surface 20 may appear 1o converge or diverge 1n an overbead
plan view.

It will readily be apprecialed that various combinations of
the transverse cross-sections of FIG. 3 and the converging or
diverging walls of FIG. 4 are possible. Design selection may
be prompted by 1he materal and production method of the
device. For example, if the device is made of melal and is to
be machined, il may be casiest to drill the recess, and a
cylindrical section such as in FIG. 3(d) may result. If the
device is cast or molded, a greater variety of comhinations
may be readily achievable. It is to be undersiood that the
exact shape of the device may be optimized by one skilled
in the art, but that the present invention embraces a wide
variety of designs.

The performance of the device will be aflected by the
value of various design parameters. Four important param-
cters ar¢ shown in FIG. 2. Angle © represents the angle of
descent of ramp 40 of the recess relative 1 surface 20 of the
vessel. L is the length of ramp 40 from leading edge 30 10
dynamic port surface 50. Angle o is the angle between
dynamic port surface 50 and ramp 40. Distance h is the
distance along dynamic port surface 50 from surface 20 10
the center of dynamic port 60.

It will be appreciated that the (hese parameters are not
entirely independent of each other. It is essential for the
device that the dynarmic port 60 be recessed below surface
20, and the distance to which dynamic port 60 is recessed,
given by parametcr h, is lirnited by the depth of dynamic port
surface 50. The depth of dynamic port surface 50 is related
geometrically to the angles 8 and ¢ and length I. In

5 particular, if & is small, a larger value of L. is necessary to

achieve the depth below surface 20 than with a larger value
of 8.
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Preferably, in devices of the present invention, the value
of 8 will be in the range of greater than ° to approximately
30°, and more preferably in the range of greater than 0° 1o
approximately 7°. The value of B must be greater than 0°, or
else there is no recess. However, very Jow values of 8 may
be used so long as L is great encugh to allow sufficient depth
of recess to position the dynamic port below surface 20.
Values of angle a are preferably in the range of approxi-
mately 75 to 135°, and more preferably in the range of
approximately 90 1o 110°,

The fluid flow measuring device of the present invention
may be designed as an integral part of the surface of the
vessel. Alternatively, it may be desirable to incorporate the
device in a unit which can be installed in the vessel An
example ol such a unit is shown in FIG. 5. Flow meter 200
of FIG. § can be seen 10 be of general cylindrical shape, with
a cross-section aleng the cylindrical axis shown in FIG. 5,
and the housing of the flow meter is designed 1o be {nstalled
n 2 complementary hole formed in the surface a vessel (not
shown). Top surface 160 of flow meter 200 is curved to
match the curvalure of the surface of 1he vessel and is flush
with the surface of the vessel when How meler 200 js
installed. Flow meter 200 has a recess including ramp 120,
dynamic pressure port surface 50, dynamic port 60 and static
port 70 as described previously. Dynamic and static port
channcls 65 and 75 arc connceted through seals 13¢ to
differential pressure sensor 140, which is a micromachined
diaphragm with embedded piczoresistive sensing clements.
Electrical leads 150 transmit the electrical output of sensor
140 to a remote location, typically inside the vessel. Flow
meter 200, designed for use in water, has annular grooves
180 for retaining O-rings for providing a walsrproof seal of
the deviee into the vessel.

In principle, mechanical or electronic devices may be
used 1o measure the pressure in the dynamic port channel or
the differential pressure between the dynamic and static part
channels. In practice, preferably an electronic transducer, as
known in the art, will be used. The elecironic ovtput of the
transducer may be output in an apalog fashion and may be
processed in an analog fashion so as to display the fluid flow
speed or the speed of the vessel. Alternatively, the elecironic
output may be digitized and inpui to a microprocessor and
digitally processed to allow digital display of the speed.

It will also be appreciated by one skilled in the art that the
iow meter of the presenl invention may be modified to
accommodate simations which commonly arise in fluid flow
measurement. For example, FIG. 1 illustrates the case where
the direction of fluid flow is parallel w0 the longitudinal
direetion of ramp 40. A flow meter of the present invention
used as a vehicle speedometer would generally be designed
to orient the device in this way. However, the present
invention could also be used in a flow meter, and in such a
case the direction of flow might vary; that is, there may be
cross-flow. Moreover, in some vehicles, there may be situ-
alions in which the direction of fluid flow across the surface
changes direction.

InFIG. 6, an cmbodiment of the invention is shown which
compensates for changes of direction in fAuid flow. The dow
meter, including ramp 40 and dynamic port surface 54, is
formed in & circular unit mounted such that surface 160 of
the circular unil is Alush with surface 20 of the vessel, and is
moreover mounted rotatably along the axis of the circular
unil as shown by atcow 400. Amow 320 illustrates the
longitudinal dircction of ramp 40, shown in FIG. 6 as
different from fluid flow direction 30M. The circular unit also
incorporales a drag clement {pot shown) such that when the
Guid is flowing, the circular unil will tend 16 “weathervane™
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s0 as to align the direction of the ramp 320 with fluid flow
direction 300. Whea these directions are aligned, the device
will indicate the correct fluid flow rate in direction 300. A
device could be incorporated to indicate 1he angular position
of the servo ramp.

Altemnatively, it will be appreciated thal il is possible, for
example, to incorporate two fixed flow meters of the present
invention oriented orthogonally w each other, (o indicate the
wo-dimensional flow velocity across the surface of the
vessel.

ln addition to the device embodiments of the present
invention, the invention may also be generally expressed as
a method for determining the velocity of Huid flow over a
surface of an abject. First, it is necessary to provide a ramp
inclined into the surface so as to form a recess and to provide
a dynamic port surface and a dynamic port as described in
the above embodiments. In addition, a static port may be
provided in the ramp or elsewhere on lhe object surface for
measurement of the static pressure. Next, the dynamic
pressure is measured as a funclion of known flnid flow
velocity over the surface of the object. Alternatively, if a
static port is provided, the pressure differcntial between the
dynamic and static ports may be measured. In ihis way, a
calibration is obtained between the dypamic pressure or
differential pressure and the flow velacity. Finally, any flow
velocity may then be delermined from the dynamic pressure
or the differential pressure using this calibration. Using this
method, flow velocily may be measured in any surface
which can be modified to provide the recess and measurc-
ment rmeans.

The following Example describes tesl results for an
exemplary embodiment of the above invention which has
been reduced to practice, and the invention is not limited 10
this embodimeni.

EXAMFLE

An Example of a Bow meter of the general design shown
in FIG. 5 was constructed of aluminum, with approximate
overalt diameter of 2.5 inches. The device was subjected to
water flow tunnel tests, and the differential pressure was
measured between the dynamic pressure port channel and
the static port channel. A plot of diffsrential pressure versus
flow velecity is seen in FIG. 7. The differential pressure
increases in an approximalely parabolic manner which
readily allows interpolation of the velocity from the
observed differential pressure, Thus, this device could be
used as a flow meter or watercraft speedometer over this
velocity range.

The device of the present invention can in principle be
used as a fixed flow meter for determining the flow velacity
of a fluid, or as a speedometer for a vehicle. As a flow meter,
applications could include wawr flow moniloring in rivers,
oceanography, etc., or in wells. As a speedometer, the
present invention can in principle be used for airspeed

5 measurement in airplanes, missiles, etc., or for water speed

measurement in boats, submarines, torpedocs, eic. In
principle, the device could be used in amphibious vehicles
as well.

While particular ¢embodiments of flow meter have been
described, it is to be understood that the present invention is
not limited to these embodiments. Various chanpges and
madifications may be made without departing from the spirit
and scope of the invention, as defined by the appended
claims,

Whal is claimed is:

1. A fluid flow meter in the surface of a vessel, compris-
ing:
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a ramp connecled to and extending longitudinally from a
surface of a vessel exposed to fluid flow at a first end
of the ramp to an apposite end of the ramp, said ramp
mnclined at a first angle Lo the surface to form a recess
in the surface of the vessel,

a port member having a surface extending from said
opposite end of the ramp, sald dynamic port surface
being oriented at a second angle w said ramp, wherein
said second angle comprises less than about 180
deprees between said ramp and said surface, said
surface having a dynamic port formed therein, the axis
of said dynamic port oriented approximately paraliel to
said ramp; and

a pressure measurement device connected to the dynamic
porl, for measuring (he dynamic pressure caused hy a
fow of Auid in a direction roughly parallel to the
surface of the vessel exposed to fluid fow.

2. The Ouid flow meter of claim 1, further comprising:

a static port formed in the ramp, said static port connected
to the pressure measurement device; and

said pressure measurement device being a differential
pressure measurement device for measuring the differ-
ence in pressure between the dynamic and static port.

3. The fiuid flow meter of claim 1, further comprising:

a static port formed in the surface of the vessel, said static
port connected to the pressure measurement device;
and

said pressure measurement device being a differential
pressure measurement device for measuring the differ-
ence (N pressure between Lhe dynamic and static porl.

4. The fluid flow meter of claim 1, said ramp having a
cylindrical shape.

5. The fluid flow meter of claim 1, said ramp comprising
two side walls baving upper edges adjoining the surface of
the vessel.

6. The flnid Aow meter of claim §, said ramp further
comprising a Hoor connecting the lower edges of the two
side walls.

7. The fluid flow meter of claim §, said side walls being
flat and perpendicular to the surface,

8. The fuid Aow meter of claim 6, said side walls being
curved and concave toward the exterior of the vessel.

9. The Auid flow melter of claim 6, said floor being curved
and concave toward the exterior of the vessel,

10. The fluid flow meter of claim 6, said walls being flal
and angled (o the surface of the vesscl so as to slope into the
CCCSS,

11. The Auid Bow meter of claim 1, said first angle being
greater than 0° and kss than approximately 30°,

12. The fluid Aow meter of claim 11, said first angle being
less than approximately 7°.

13. The fluid flow meter of claim 1, said sccond angle
being in ibe range of approximately 75° to 135°,

14. The fluid tlow meier of claim 13, said second angle
being in 1be range of approximatcly 90° to 110°.

15. "The fluid flow meter of claim 1, said pressurc mea-
surement device being a micromachined dizphragm with
embedded piezoresistive sensing elements.

16. ‘The fluid Aow meter of claim 2, said pressure mea-
surement device being a micromachined diaphrapm with
embedded piezoresislive sensing elements.

17. The fluid flow meter of claim 5, said side walls
converging 1oward the dynamic port surface.

18. The fluid flow meter of claim 5, said side walls
diverging toward the dynamic port surface.

19. A fluid Aow meter for installation in a vessel, com-
prising:

a housing for installing in a complemenmary hole in the

vessel, said housing comprising:

8

a top surface of curvature matching the curvature of 2
surface of a vessel exposed 1o fluid flow;

a ramp connected 10 and extending {rom said top surface
at a first end of the ramp longitudinally to an opposite
5 end of the ramp, said ramp inclined a1 a first angle to
the top surlace (o form a recess in the lop surface;
a port member having a surface extending from said
opposite end of the ramp, said surface being oriented at
a second angle to said ramp, said second angle com-
prises less than about 180 degrees between said ramp
and said surface, said surface haviag a dynamic port
formed therein, the axis of said dynamic port oriented
approximately parallel to said ramp;
a static porl formed in the ramp; and

a differential pressure sensor connected to said dynamic
and static ports.
20. The fluid Bow meter of claim 19, further comprising:

elecirical leads extending from the pressure sensor 1o the
- interior of the vessel, for transmitling an electrical

output of the sensor.

21. The Auid flow meler of claim 19, said housing further

COmpIiSing:

an O-ring seal on a lower portion of the housing, for
scaling the Bow meter in the hols in the vessel.

22. The Auid flow meter of claim 19, further comprising;

the lop surface of said housing being circular for fitting in
a circular hole in the vessel,

23, The Auid Duw meter of claim 22, further comprising:

said housing being rotatably mounted along the axis of the
circular top surface; and

the top surface of said bousing further comprising a drag
element, for allowing the housing to weathervane with
changes in the fluid flow direction.
15 24. A method of measuring fluid flow velocity above the
" houndary layer and across the surface of an object, com-
prising the skeps of:
providiog a ramp coonecled 1o a surface of an object
cxposed 1o fluid How inclined to the surface so as to
form a tecess;
providing a dynamic port in a port member having a
surface extending from the recessed end of the ramp at
an angle comprising less than about 180 degrees
between said ramp and said surface;
determining a calibration of the dynamic pressure in the
dynamic port as a function of known fluid flow veloc-
ity; and
interpolating the value of an unknowa tluid flow velocity
from said calibration.
25. A method of measuring fluid flow velocity above the
boundary layer and across the surface of an object, com-
prising the steps of:

providing a ramp connected to a surface of an object
exposed to fluid flow inclined to the surface so as to
form a recess;

providing a dynamic port in a port member having a
surface extending from the recessed end of the ramp at
an angle comprising less than about 18D degrees
between said ramp aad said surface;

providing a static porl in the ramp;

determining 2 calibration of the differential pressure
between the static and dynamic pressures as a function
of known Buid flow velocity; and

interpolating the value of an unknown fluid velocity from
said calibration of the differential pressure.
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1
GAS-GENERATING LIQUID
COMPOSITIONS (PERHAN)

BACKGROUND OF THE INVENTION

L. Field of the lovention

The present tnvention relates oy energetic and gas-
generating compositions, and in particular to oxidizing
COmpositions.

2. Description of the Related Ant

There are numerous applications for gas-generating com-
positions. Energetic gas-generating compositions are cam-
menly used, for example, in rocket propulsion systems as
well as lorpedos, salety air bags, vte, Oxyvgen-generating
composilions alse have utility in breathable air generators
and underwater welding

OF particular interest amuong tiese compositians are thase
which are liguids, in particular liquids which are oxidizers.
Tiquids are necessary [or many propulsion systems since
they car be pumped, and Liguids are in general easier to
fundle acd store than solids. The most commonly wsed
liquid oxidizers for rocket propulsion have gererally been
lquid exyvgen (LOX), iohibited red fuming nitric acid
{TIRENAY hydmgen peroxide (H.04), aqueous hydioxylam-
moaium perehlorate {(HAP) and eitrogen tetroxide (NTO).
Lach of these liguid oxidizers has problems associated with
. Tor example, LOX reguires cryvogenic storage and is
dungerus when spilled IRENA, NTO ad 1.0 also Bave
handling and toxicity problems. [IAP offers some
advantages, but sulers from the preseace of hydrochioric
actd 1o the generated gas. Most of the liquid oxidizers ic
current wse present a vapor tosicity or contact hazard, and
are hyvpergolic, that is, spontanenusly combusting, in the
presence of fucls.

Thus, there ace in fact @ [imited pumber of availiile
chotces of liguid oxidizers. That there is a geed to fill the
wchnology “gap™ in liquid oxidizers of the contemporary art
1~ seen, for example, in tie following articles. In Mul, et al.,

Searclt For New Srorable High Performance Propeflanis.
(»\I;\s\-35-3354, ALAAASMESAE/ASEE 247 Toint Pou-
palsion Conlerence, Buston, July 1988), the authors discuss
1he need for storable, non-cryogenic propellants with berter
performance propertivs. They discess nitre acid, NTO and
bydrasiniom perchlorate as storable oxidizers.

Anether problem with the available liguid oxidizers is 15
sovoare mostly Emited 1o 3 single compositiog, and thus a
e x2t of perfirmance and physical properties, Tha
vy dre mol furmulated o achieve different vajues of por-
ez and pisical parnmeters, Thus, varation of
e properties of propelint svstems esing thes
dorers can anly be achiieved by varying the comnositi;
the fuel, thus imiting design options

Amderson, Wooet al, Low Cost Propudsion D
[Egi-Densizy. Storadle, and Cloan Propelian: Combinga
Ulstss Lhe need for oontexie, sterible, testartatle, th
Al ud hi\‘h densiiy Enpizse systens for rrvck'-l T
st the e ol high concenition hy
vunds asa p,npclmr‘.\. Adthougn the ankors o eseribe by
2onperoxide 25 contexic, direct human coatact with inds -

e peroxsle s extremiely danzerous

L.

Wisek, T New Decampiosiitos Canaly st Ard Ciarn

e leenmigues Fer Rocker-Grade Fivdrogen Porox!

S rapeidvion aad Power, 1906, 12 373374 discusaes L
peratizle s a recket piogelie, hoeth

adasan oxidizer with hvdrazioe by

fue..

[ty A

wie o bade,
maneprogellant
et aleakn!

n

.’

et

Cras-guocrating sy<tems in other apphications also have
prablems associated with thum.

For example, chlorate-based “chhrate candle™ oxygen
generators are used for emergeney breathalle oxygen in
some airpianes and 11 welding apphications. Buecause of the
solid nature of the sodium chlorate, many of thess devices
canawt be turped off unee Iriggered, aod the keat production
fromm such a device can prove 0 he a Ore hazard, A
liguid-based oxyven generator might overcome this prob-
lem. Mareaver, chlorate-based devices tvpically produce
some byproduct ehlerine, which ts toxic, in 1he breathable
gas, and do not praduce any dilient for the generated
aXygen.

Examples of ligquid gas-generating, and explasive compo-
sitions of the contemporary artare seen inthe following US.
Palenls. Us, Pal. No.o 3,561,533, o MeKinnell, entitled
Controlled Chemical [leating OF A Well Usiog Aqueous
Gas-In-Liguid Foams, duscribes o two-compurent byper-
golic reaction system in which an aquecus foam of bydra-
zine or dimathylbydrazioe and an agueous toam of hydeogen
peroxide are mixed. The system 1s used to haat oil wells.

LS. Pat. Noo 3,790 415, 0 Lamic, entitted Chemical
FFoaming And Scnsitizing O Water-Buearing Explosives
With Hydrogen Peroxide, deseribes addiner ol byidrogen
poroxide as a foaming agentisensilizer t waler-beadog
cxplosives haviery ammonium mitzae snd fuel, Here, the
hvdrooen peraxide s added 1o the thivkened ar emuls.1ﬁcd
viplosive mixture, and decompueses o the fummeiation to
provide oxvoen bubafes for forming before the mixture is
detonuted.

U.S. Pai No. 4047988, 1o Weill et al, entitled Liguid
Monepropelinol Compositions, deseribes o monopropellant
which is an agueous solution of a secondury or lertiary
amine, aad 2o oxidizer such as perehlorie or mitzie acid.
Hydrogen peroxide is also mentioned as a possible oxidizer.
Here, tiie amine apparestly serves as the fucl in the mono-
propellant. Propertics of the compositions including low
freezing lemperdure, and use as o wepedo propellant, are
deseribed.

LS Ban Ba 3,007,184, o Hwhardsen o all, eotitled
Ligad-Feeied Tnflater With A Porous Con
duscorihes a0 auiomn

vive uirhag intlanor csie

1 liguid mono-
propellant compasad ©of a Int..mm".nm ritraiz (HANY

LICHNAno.Amine o (FE;\J\}\m.Lr SyELTL
wiihl bvdrazine and avdrocen peroxids o~ lgue

A system
W {uel com-

ponenlis is alo mestivoed. HAN v o el expensive
compencn!, Boweves Mareover, TLAN e sn g fuet in
s it sa the ixiare prelabls o MOSUTVE s 2

;_,‘-;r.ur.i! sher Ticia,

©oler (e ahewe patenie, LS Sz
castrateen Ne L FOe

eivilbenl Chdddroens
avdrowvian

oo hvdrasme

=~ lovention

weller er al.,
Comprising
NTIGLT

mibes lguid
T milrate,
de Two oxi-

L8 5 WleT.

dizing agents desicoaed GNSOD D oaqd AOXSOL 2 are
deserivned. Discussed aprliv ;12 gas gen-
eraters L 2l haas, rocke: oropalonta sedo propel-

Acdueument entitled Advaneed
fovros Uisat sews e mvedd ooreplaoe t
ests use of HAM TEAN mma e
e AN

vaang

r Al noted
N TL k\ S¥5-

P LW

soreleively expa
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3
Suppression Systepi-Marine & Veliicle Applications, dated
August 1997, which deseribes 2 fire extinguishing svstem
(PyroGen) which is pyrotechnic-driven, The system pro-
duces an aerosol, and the composition of the system is oot
disclosed.

Based on my reading of the contemporary art, T have
decided that what is peeded is 2 gas-generating liguid
composttion which can be used as an oxidizer, and which
has low cost, low texicity and excellent handling properties,

SUMMARY OF TIIE INVENTION

It is therelore an abject of e present invention ty provide
impraved gas-generating liquid compositions.

It is alsv an object of the invention te provide improved
liquid oxidizers for use in monopropellant and bipropeltant
svslems.

it is annther abject of the invention to provide improved
liquid compositons for genvration of breathable air.

It is yet another object of the invention to provide gis-
genvrating hiquid cumpositions which have low vost

It is still another abject to provide gas-gencrating liquid
compasitions from readily available companents.

[t is a fucther object to provids gas-gencrating Liquid
compositions which have Imw vapor and skin toxicity,

It is a vet further object 1o provide gas-generating liguid
cumneositons which huve a low explosion hazard.

I: s a vet stili further object to provide compositions
having excellent huandling and storage chamctenistics, such
as low corrosivity.

It is an additional object to provide gas-gencrating liguid
compositions which ace vasy to prepare.

It s u yel additional object to provide gus-gencraling
liquid compositions allowing ready production of custom-
1zed formulations.

It s a stili additional object of the invention to peovide a
gas-generating liquid having a low {reezing point.

It iz yet anather object of the preseat invention o provide
Wmas-generating ligund which bas high densily and hich
energy density

I s vel another object of Lthe invention to provide 3
gas-penerating bquid which is “green”, that s, disposabie
witheul dumage 1o the covironment.

1015 sull arother object o the inveaticn to provide a
was-generating tyued which allows water-bused cleanep of
spils,

'D

These ohiedts are achieved inlne fresent Bvention whoh

provedes o family of waler-nased gas-generatiog liguid cow-

poskions which may e used in recket propulsicn, e
rropellants, alr bavs, and other applications. Applications
alao include vw=san oxyeen

'I'}!c

aenerators and in fue] cells.

geberal compostiion ol the water-based gas-
2 liguid of the present iovention invludes: v -
0 pu‘[.‘(hk hvdroxviammonium oitrade (H:\_\D and waler.
He, the water concentration {that is, mn.u.nt) 0t
veneritng liquid will be L the ruege of approxin
Do A percent by weizht (wow-T0), and the waler ennes
wi mav be o e ange of 15 o 30 wew-% . General
e Dvdroxvlammoniie sitzate concentration witl be
foe ot approximately 20w T ow w5 and may be i
culb Jpp axirzately 30 o G w w-%, The coaceatsati.
cn peraxide will aenerally hu. In the ramae o
:;'pw\. ately 13 by Sibwew-te and mav e i the range 7
spproimately 23 te HEow e anelating el
il ol Le prosetil venion may fave adi i

Tiw Basey

31131
4

componenis, such as a colerant, ao odorant, a gelant, a
thixatropic agent, a surfactant, or a huraing rate modifier.

{n ane embodiment, the gas-geacratiog higuid composi-
tions of the present invention may be added 10 a fuel to form
a monopropellanl. [n apother embuodiment of the present
invention, the gas-geoerating hquid composition may con-
sist essentially of hydrogen peroxide, hydioxslammonivm
nitrate and waler. Here, "consists essentially of " means that
this coniposition has no added fuel, nor other component
substaatially affecting the encrgy content, freczing point, or
density of the compusition. Such a compositior may have
minur additional componenis, such as a colorant, an odorant,
a gelant, a thixotropic agent, a surfactant, or a burning rate
maoditier, which do not substantially afteet these parameters.

In additon o the compositions of the present invention,
the invention also includes methods of use of the composi-
uens. Specifically, the compositions of the present invention
can be used [or sencrating gas by passing the composilions
through a solid catalyst bed, heating the compositions, or
adding catalyst Wt compositions, The corpositions ¢an
alsa be mixed with a fuel to form moropropeilanis or can be
w10 hipropeltin: and hybrid rocket svstems.

BRILY DLSCRIPTION OF THL DRAWINGS

Amore complete appreciation of the im'c'nfwn, and many
af e atlendany advaniages, therenl, wil S oupparent
as the same bevumes belter understond by relerznce 1o the
fellowing detailed description when considered in conjune-
tian with the accompanyving drawings i which like refer-
cace symbols indicate the same or similir components,
wheretm:

Lhe rey

FIG. 1 is a response surface diagram illustrating freezing
prinls of compositions of the present invention; and

FIG. 2 s a response surfoce diagram tlustrating densities
ol COI‘HFI-_!‘;.ILDH::» of the present ipvention.

DLETAILED DESCRIPTION OF TIIE
INVLENTION

The gas-generating liguid compositions of the present
avenlion axoa familly of composibons which the inventor
PERILAN. The general compasition of the
waier-hased gasegeacraung liquid of the fresect invention
weledes: hvdrogen peroxide, bvdroxylimmenium oilrate
and water. The invention may alsa comprise anv of a number
al additives, aad may comprse a vl

relurs o as

The present invention iocludes o family ot compositions
with varyiog amoun s ol hydrogen perside, hyvdroxylam-
aium piate and water, Preparation of the compasitions
¢ presentioventiar cen gereradiv be achioved simply by
mixing the mgredients of the venton. Generally, the
TSRl (Y DN, COIRlY iR §he ‘_-:s-ﬂcncmliug
dwill be i the ragee of i 30 percent
it (wow-tr ) and te w = may be in
ol 1A B B wfs L ime nvdrexylam-
i the ranpe of
o Lhe range of
a peroxids wiil
A slw w-’.?a
) J]' W -

WO
nim
-

nitrate covcentralion will
[L':_‘. Zin .
ey 300 L b e Thy v
cenertly bein thy r"’mu <‘t' ap-\m\
and may ke
I“""l\:r-cr' AT RIS

T

drrrexim

d [hus custam-
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is the freezing point. At temperatuces below the freezing
point, solids appear in the liguid, alecting many aspeets of
handling the liquid, for example, the ability (o pump the
lijuid. In the present patent application, the term “freezing
point” is laken 1o be the temperature below which anv
precipitation oveurs in a gas-generating fiquid composition.
It, repeatedly, cooling the liquid helow the freezing point
leadls to precipitation and heating to a temperature above the
freezing point allows redissolution, then the freezing point
can he considered to be reasonably well defined. Generally,
it is desirable that a gas-gencrating liquid composition be
selected o have a freezing point below the ambient em-
perature at which the composition will be used and stored.

In order to determine the freezing point of 2 composition
of the preseat invention, ihe following method is used. This
method may be easily performed by one skilled in the art. A
sample of the liquid composition of intezest is placed in a
16-mm test tube aloong with the balls of a glass thermometer
uf appropriate temperature raoge. Generally, enough liquid
o wive a height of % is used The bottom portion of the 1es
tube is then plaved in a dry fee-cthanol bath in a Dewar Hask,
The sumple bs cooled unul erystals appear visualiv o the
Lipaid sample. The test wbe is then removed from the bath
and 15 warmed as necessary with stirring by the
thermometer, until the crystals redissolve, noting the lem-
purature at which redissoiution occurs. The test tube is then
coaled again in the bath to the noted wmperature. While
stirring, the test wwbe is cooled until erystals appear, and then
removed (o altow warming and dissolution. This s pe:-
tormed repeatedly unil the lemperaure where a sligh
couling causes crystal lormution and slight warming athnws
dissolution is found, and this temperature is recorded as the
freczing poiat

Another advantage ol the present invention is the hich
density achievabie in some of the inventive compositions,
Deosity is an impertant coalribution (o the ¢ovrgy cootent of
a given composition, as more mass per unit volume allows

rare chemical epergy per unit volume. Likewise, greater

density alse allows greater amount of gas generated per uni:
volume et liquid, In the present invention, density is pre-
sented as apecitic graviy, that is, a unitless value refative o
tre density of water at 4% €. Here, densities of the liguid
cumpositions are measered al room wmperatwrs, about 2
O, using a commeraial hydrometer, by method weil knowe
i the ari

fa treweing-poiat data and density data fur
selected compaositicns of hvdrogen peroxide, hvdroxylam-
e oitrate and water. The table includes some data ter
compesitions with oo byvdrogen peravide or hvdroevian-
I.'\.".]i!l.’]'. nerale I'L‘.' l.‘i}mpi‘f:.:"-lﬁl‘. 1. CDI"[]['.‘(‘JRJ‘-'.I[?I'IS ot e
present invention and for better understanding of the prog-
eriicy Al e presend s enbon

Fable 1,

TABLE Y

e

40

6

TABLE l-contioud

Observed Freesing Paint (7€) ard Densily (2021
Eor Vasionss Congpositions of Hedispen Parcxi

xide.

Hudroewlamyoainm Nitrate and
Hydeoxyl:
ammanivm vdrogen Treezing
Mitrste Peroxide Waler Point Density
0731 0.rs6 a.xm -2% 1.507
Cobtes 0! d.241 =37 1.472
0327 a 0173 -3 1,545
GaL a UL -1 1.53
0.sC3 s} 0137 -4 1.513
U 7ed il 0.212 =21 §.497
0.752 a a.22 -3n 1462
0 530 i} a.xl 45 14

0436 i 030 -3 1.ME
0591 bl 0409 -az 1302
LI L 1z 13 1.5%9
.85 i 1.574
1.323 S 1.549
na 1527
i 1133
1 1.192
: 1.2%4
1.503

1.468

1443

1422

-2l 1.506

-3 141

Y 1458

-4 1,439

-43 1.421

—4n 1.404

-5 1394

The freeving point data of Table T were statistically
amlyzed and fitted 1o a cubic model, using the commereially
available computer program STATGRAPHICS. Staistical
analysis and response surface modeling ef this son is well
known in the art. A ternary composition response surface
diagram of freeziog peints for those compositiens of the
present invention having only the three ingrzdients is pee-
seated as FIG. L. 1t is evident from the deta presented that
the freezing points of compasitions of the preseat inveation
are ot readily predictable from only a few data of widely
spaced poiats on the ternary response diagram. The freezing
painl properties of these compositions could not have been
predicted using curreal methods of the azt without expeni-
memation. However, by obtaining sufficient data on a vari-
<ty of compositions, one skilled in the art shouid be able o
wentify compositions of the present invention having freez-
ing pulnts below =57 €L or aleroatively below =20° C., as
desired. For exanple, a freesing point of =55 € might be
suitable for space fhight applications, but a treezing point of
=P Comight be desirable for mileary applicitions in harsh
eIV HORM LS,

The density data of Table [ were likewise analvzed and
tted to a quadratic model. A wraary compesition response
surface dizgram of densitics of compasitions of the present
crvenition isopresented oas FIY 20 By osuitable
expermmeniation, nre skilled i the att shoul2 be able ta
wearfy compusitions at the present inventien with densities
Paeve 13, o illemnatvely above L4 The deasity ol an
energelie composition s a1 imporlant pasaceter o the
pertormance of the composition o propeliins, with greater
denstty genesally allewimy preate: vierey ooTdi per unit
(ST B3

Is tae cus-
o oadjustiog

Anatber advantage of the preserl irve
toztigabilin ol the Lermselonon, T partenl
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the water content of the Rnal formutation, the combustion
temperature can be adjusted to give a desired flame wm-
petature or o achieve specific physical'chemicalisafety
properties. For example, this can reduce the vulperability
charactenstics and the corrosivity ‘erosion problems assaci-
ated with the exhaust gases.

Another advantage of the present invention is cost.
Hydrogen peroxide, in particular, is relatively inexpeosive.

ln addition to the bydrogen peroxide, hydroxylammonivm
itrate and watcr, compositions of the present invention mav
also contain additives to moedify other properties of the
gis-generating liquids. These additives usually total Jess
than 1 pereent by welght of the composition. For example,
tic compasition may contain a calorant. This is a dye which
ailuws the gas-geaerating liguid to be more casily seen. This
is particularly uselel, for example, in locating spills.

Anather additive which mav be used is an odorant, This
s o campound with an edor reacdily detected by the human
rase, and is generally used For detecting and localing spills.

Anather additive which muay be used is a stabilizer, This
will usually be an oxvgen scavenger, such as ammonivm
thiosulfate, which serves 1o slow chemical degradation of
Uie gas-generating liquid.

Arncther additive which may be used s a chelating agent,
such as ethylerediamire teiraacetic acid (EDTA} or cvela-
kexunediaminctetraacetic acid (C1PTAY or sodivm salts of
trese compounds. Chelating ageats serve to bind impurity
mulal tons 0 the tiquid, and can serve 1o slaw degradation
of the gas-generating liquid.

Ancther additive which may be used s a gelant, or gelling
agent. Having the gas-generating liquid in gel form may be
uscful in certain applications.

Ancther additive which may be used is a thixotrapic
igent. Such an agent can improve the general handliag
properties of the liguid, such as pumping or pouring.

Ancther additive which may be used is 2 burning rate
modifier. Such an additive afects the kinetics, ar rate of baen
oI compositions.

Anather additive which may be used is a surfaclant.
Surfactants can serve to allow miscibility of the gus-
veneraiing Lguid with certain fuels. Also, o surfactanl can
serve o mudily the droplet size of the pas-zenerating liquid
when it s spraved, Lo example inw o rocket combusion
chamber

lhe compositions of the presznl invention may be use.l as
Laguid oxidizers for a variety of propellant systems o
ceneral, propellaal svsiems are monopropeliant or bipropel-
LT sesie

L tkeory, o liguid monopropeliant is the ideal energy
souree for vanous guid gas gererator applications sudh as
cian propellunts, wir b antlators, trpede propulsion and
resel motars, Fie minnopropelarts man advantage is
fmplicity wheo compared to liguid bipropeliant systems
smeanpopelliot reguires only hall the number of .
wtlves, storage tanks and pipes. Ao exampls of 2 menopne-
pelinnis the ollrale ester-bused Oia Ded] used inlompades

When used a5 a monopropellant, a composilion of e
rresent nventon would geperally he preblended with a fuel.
stci e fuel could be a water-solubie fiel, in which case 1o
Fuey would generaily dissaive i the Liquid axadizer. Nor-
st soluble fuels, such s hvdrocuchens, may also be gl
Monoprepellanis using Evdrocarbons and the Lguid oy
coaat e present inventiog woub! senerally be emss

cuXities, [ some cases, sugfactams may be aadded o s’
e petier cmulsilivation Amuone the fuels that may be use!

N

i
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with the tovention are alkylammoniem nitrates and alkano-
lzmmorium nitrates having onc, two or theee carboa atoms.

Monopropellaots made using the liyuid oxidizer of the
presenl invention may be used for other purposes. € the
oeadizer containing hydrogen peroxile, ammomum nilrate
and waler 1s mixed in appropriate ratio with a fuel, for
example urea, an alkyvlamunoniom nitete or hydrocarbon,
the decomposition reaction can in theory yicld nitrogen,
carbon dioxide, carbon monoxide and water. Such a decom-
position mixture worll not support combustion, and might
he usable in air-bag inflation, fire suppressant or related uses.

In practice, mast liquid propellant systems use bipropel-
lanis. Ore problem with some liquid monopropeflanis is the
low energy content of the monopropeliunt, in order (o meet
physical, chemical and safcty requirements. It the oxidizer
and fuel are separated, the sensitivity Lo shoek, friction aod
static discharge are reduced. The homopenvous mixture of
the two companents of @ Liquid propellant has a secsitivity
which is greater thar that of either compornent.

Bipropellant systems are commonly used in rocket
motars. In a bipropeliant system, the liquid nxidizer contacts
the fuel at the Gme of combustivn. Rockel malors may use
Tiguid fuel, ar in the case of hybrid rocket maotors, the fuel
iy be solid. The vonpasiiinns of the preseninvention may
be wsable as liquid oxidizers for both Kinds of rocket motors.
Metallic additives may be added 10 these fuels 10 improve
the propellants’ energy cutputs.

Tiv "Fable 11, belonw, are tabulated theoretical performance
data [or a bipropellant systems with 2 PERHAN oxidizer
camposition of the preseat inventioo, mixed with J2-10 fuel
in the indicated oxidizer-to-fucl rativ. Tor comparison, a
bipropellant using a mixture of HAN witer buving the same
wiler contenl as the composition of the preseat inveation s
a0 tabulated. The bipropellant based on the PERHAN
composition of the present invention is caleulzied to have a
greater than 1539 increase in energy over the HAN/ water
composition, based co C* values.

Although the oxidizer composition of the preseat inven-
tion is more encreetic, this composition has 1 lower freezing
paint and 15 expected 1o be less expensive thun the HANY
WALl Composition.

TABLE 11

Taex
1i.0)-1lvar

Cryeaer Doy onges T Fum ERe L dar

e HAN = Fog. fe 10 L EHE ivh B L ot

ion ef an oxidizer
cnmpositon of the presen invention wih Lvw-carbon con-
tent fuel shecld generate an exbaust gas centaining N2,
F 0O, and some OO Canalytic or thermi srustion of an
wxadizer conposition ob the present inveatues shoutd pgen-
erate an exhaust gas conlaining N, FLO OO CG, UH, and
vlier guses However, no HOUN s expectad 1z ke exhaust
wis, unlike exhaust cases resuliing {rom nizas ester fuels.

[n seneral, catadvtic or thermel combuas;

The compunitons o G - also be

Wis droemposition
aciere] byocatalysis For evaneri, rlaciog the
cormpisition of the present invertion in comi with a fixed
bradd culalyst, such as B or M e s decompo-

z p[l:.SL'I:l et o
decampesad wovield pases and enerzy
1y b
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sition. Such a reaction is welt known in the art far ather
hquids, for example, hydrogen peroxide decomposing o
water and oxygen, Allernatively, the composition of the
present invention might by decomposed by adding a catalyst
to the composition tu dissolve or suspend the calalyst, This
may be done in a catalyst stream Aow process. Far example,
the compositing of the present invention and a catalyst could
be delivered from a bladder and mixed upon delivery, by
methods kaown in the art,

Adiernatively, decomposition of o composilion of the
present invention may be achievable by heating the com-
pusition. [t, for example, the camposition is injected into a
hot reaction chamber, the heat of decomposition may b
sullicient to self-sustain the decomposition reaction, and a
continuaus decomposition of 2 stream of the compasition
may be possible.

Cne possible application of decomposition of composi-
tions of the preseat invention is in breathable air generators.
tydroxylammonium nitrate and hydrogen peroxide may be
theotetically decomposed o oxvgen, nitrogen and waler
aceording to the followiag stoichiometries:

NH, DTN = O+ N+ HLO [eN

L0 =130 11,0 2
Therefore, compositions of the preseat invention containing
bvdrogen peroxide, hvdroxylammonium nitrate, 2od waler
can theoretically be decontpased Ik oxvgen, nitrogen and
water. Such a decomposition could be used to create a gas
mixture which could be used for breathable air. Unlike
chlerate-hased systems, the present invention would provide
a mixtre of oxygen and nitrogen, which may be beter for
use a5 breathable air at atmospheric pressure than pure
oxygen. Morcover, the present invention would vield nu
chlerine, which 15 a bypraduet of chlecate candle systems.

Iz Fahic HI, below, are tabulated the theoretica! perfor-
manie data as an oxypen generator for the composition of
the present invention from Table 11, and for a HANwates
composition for comparison. The composition of the presen:
invendiva has approximately 9.4% more available oNVLn
than the HAN water compaosition ol the same water content,
and the two compositions can be seen tu have similar eoergy
outputs. Te eomposition of the present invention has a 10°
¢ Jower freezing point than the compurable HAN water

mousitine, which may albow the present inventien to be
wunder extreme weather cenditions

TALE 7

10

chemicals is extremely low in the campnsiticns, aad skin

toxicity is also expected to be relatively low.

The preparation of the compositians from the constituent
ingredients is relatively simple and safe, as the dissolution of

o the ingredients is generally an endothermic process. And,
due to the water solubility of the components, water can be
used n the cleanup of spills. The compositians of the
invention should be readily chemically degradable or
biodegraduble, simplifying disposal of the compositions.
The compositions of the present invention may be consid-
cred 10 be “green,” that is, nol a hazard to the environment.

Thus, the compositions of the present invention have a
number of significant advantages over liquid oxidizers and
ather gas-generaling, compositions in present use.

As will be evident to those skilled in the art, various
17 combinations and modilications can be made in light of the
toregoing disclosures without departing from the spirit or
scope of the disclosure. It is, Iberefore, to be understaod that
within the scope of the appended claims the invention may
be practiced olherwise than as specificaliy described.

What is claimed 1s:

L. A water-based, gas-geperating liquid, comprising

hydrogen peroxide;

hvdroxylammonium nitrate; and

waler

2. The gas-generating liquid of claim 1, said water being
at a concentration i1 the range of approximately 10 to 50
W

3. The gas-gererating Hquid of claim 2, said water being
at a concentiation in lhe range of approximately 5 to 30
i LR 2y
" 4. The gas-generating liquid of claim 1, said hvdroxy-
lammonium nileate being at a concentration in the range of
approximitely 20 to 70 wiw-%.

3. The gas-generating liquid of ctaim 4, said hydrogen
peraxide being at a concentration in the range of approxi-
mately 15 10 50 wiw-0.

6. The gas-generating liquid of claim 4, said bydroxy-
lammonium nitrale being at & concentration io the range of
approximately 30 to 60 wiw-%.

7. The gas-genersting liquid of claim 1, szid hydrogen

30 pernxide being at 2 concentration in the range of approx-
mately 13 10 50 wiw-%.

8. The gas-gencrating liquid of claim 7,
peroxide beimye at a concentrution in the run
rrately 25 w40 wower

% The gas-pegerating liguid of clum 1.

1"

n

L
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said pas-
generating liquid being characterized by kavioza ‘reezing
poiat helow —58%
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B adlieen Wby deserbed functiondd properios,
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g and satery eharacieristios. Bucause they are -
ervogenie, e proklents assocuted with crvagenic mat
st avinded. Corrosivity s abse expectef o b relativels
simplifyving sterase and hardiing. Due w toe waler cooles:
aead e e ol protomled salts, the sapor pressuse ol oy
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12, The gas-generating liquid of claim 11, said gas-
generating liquid being characterized by having a density
above about 1.4

13. The gas-generating liquid of ¢laim I, further com-
prising a stabilizer.

14 The gas-generating liquid of claim 1, further com-
prising a chelating agent.

15, The gas-generating lquid of claim 1, further com-
prising 2 fuel.

16. The gas-generating liquid of claim 15, said fuel being
a hydrocarborn fuel.

17. The gas-penerating liquid of ¢laim 16, further com-
prising a surfactant for solubilizing Lhe hydrocarbon fuel or
for adjusting the droplet size of the liquid.

18. The gas-geoerating liquid of ¢laim 185, said [uel being
an alkylammonium nitrate or alkanolammonium nitrate hay-
ing one, two or three carbon atoms.

1l
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19. A water-based, gas-generating liquid, consisting
essentially of:

hydrogen peroxide;

hydroxylammonivm nilrate; and

wiater

20. The gas-generating liquid of claim 19, said water
being at a concentration in the range of approximately 10 50
50 wiw-%.

21. The gas-generaiing hiquid of claim 19, said hydroxy-
lammonium nitrate being at a concentration in the range of
approximately 20 to 70 wiw-%.

22 The gas-penerating liquid of claim 19, said hydrogen
peroxide being al a concentralion in the range of approxi-

15 mately 15 to 50 w/w-5.

¥ W W %



